Visual illusions allow for strong tests of perceptual functioning.Perceptualimpairmentscanproducesuperiortaskperformance on certain tasks (ie, more veridical perception), thereby avoiding generalized deficit confounds while tapping mechanisms that are largely outside of conscious control. Using a task based on the Ebbinghaus illusion, a perceptual phenomenon where the perceived size of a central target object is affected by the size of surrounding inducers, we tested hypotheses related to visual integration in deaf (n 5 31) and hearing (n 5 34) patients with schizophrenia. In past studies, psychiatrically healthy samples displayed increased visual integration relative to schizophrenia samples and thus were less able to correctly judge target sizes. Deafness, and especially the use of sign language, leads to heightened sensitivity to peripheral visual cues and increased sensitivity to visual context. Therefore, relative to hearing subjects, deaf subjects were expected to display increased context sensitivity (ie, a more normal illusion effect as evidenced by a decreased ability to correctly judge central target sizes). Confirming the hypothesis, deaf signers were significantly more sensitive to the illusion than nonsigning hearing patients. Moreover, an earlier age of sign language acquisition, higher levels of linguistic ability, and shorter illness duration were significantly related to increased context sensitivity. As predicted, disorganization was associated with reduced context sensitivity for all subjects. The primary implications of these data are that perceptual organization impairment in schizophrenia is plastic and that it is related to a broader failure in coordinating cognitive activity.
Introduction
Schizophrenia has been consistently characterized by impairments in perceptual organization or the integration of separate elements into coherent wholes and object representations. 1 Perceptual organization in vision involves the binding of image elements into a context-appropriate whole, where the context can be seen as the other elements that combine to make up a line, curve, or object. 2, 3 As such, context affects the processing of signals without changing what they transmit information about. 4 The formation of propositional visual representations (ie, those that represent the spatial relationships between object components) is necessary to process visual images, and theories posit that these are structurally similar to the propositional representations underlying thought and language. [5] [6] [7] [8] Consistent evidence that reduced perceptual organization in schizophrenia is related to increases in disorganized thinking (for review, see 9 ) suggests that the perceptual deficit is a low-level manifestation of a more widespread disturbance in context-based cognitive processing. 10 The strongest evidence for perceptual organization impairment in schizophrenia comes from studies where the normal tendency to integrate contextually related elements interferes with processing individual features. In such cases, schizophrenia patients have been shown to outperform controls (ie, to show reduced effects of visual context and superior processing of features), 11 similar to studies of language processing. 12, 13 One method that is well-suited for such demonstrations is tasks based on the Ebbinghaus illusion (see figure 1) , where the perceived size of a circle is normally affected by the size of surrounding circles. Schizophrenia patients have demonstrated reduced illusion effects (ie, more accurate size judgments of the center circles) compared with psychiatric controls in 3 past studies. [14] [15] [16] Of note, this effect was strongest among schizophrenia patients with prominent disorganized symptoms (similar to findings from studies using other perceptual organization tasks-see review by Silverstein and Keane 11 in this issue), supporting the idea that disorganization in thought/language, affect, and motor activity are more global instances of the integration failure also seen in early visual perception.
The aims of this investigation were to (1) attempt to replicate past findings using a psychophysically more rigorous version of the Ebbinghaus illusion task and (2) characterize the nature of the effect (if any) in deaf patients with schizophrenia, which had not been done before, thereby addressing the issue of plasticity of the perceptual organization deficit in schizophrenia. Regarding the latter, there is now strong evidence that the Ebbinghaus illusion is not present in young children but that it develops over time with increased experience in judging perspective (eg, estimating distance based on spatial context cues and doing this with 2-D pictures). 17, 18 Deaf people, owing to their use of sign language, have an increased reliance on, and experience with, visual integration (especially those who are exposed to sign language from birth). Therefore, findings of a greater illusion effect in deaf compared with hearing schizophrenia patients would suggest that the disorganization process in schizophrenia, at least in perception, is plastic and may be able to be reduced via prolonged life experience. To our knowledge, this has not been investigated previously. Below, relevant literature bearing on the hypothesis that deafness is associated with superiorities in visual processing that might override impairments associated with schizophrenia will be briefly reviewed.
Deafness and Visual Cognition
For the deaf, there is evidence that the auditory cortex reorganizes in the absence of auditory inputs to mediate other functions including vision. [19] [20] [21] Deaf-hearing differences are most prominent when tasks require subjects to direct their attention peripherally. For example, hearing signers are more distracted by central than by peripheral distracters and thus perform like hearing nonsigners and unlike deaf individuals. 19, 22 Enhanced peripheral processing reported in deaf individuals, and not observed in hearing signers, suggests that deafness is a major driving force of that change. It is hypothesized that aspects of vision normally benefitting from auditory-visual convergence during early cortical development are reorganized from higher association cortices to early sensory cortices 23 resulting in, among other things, enhanced peripheral processing.
Rather than deafness per se, there is also evidence that a reliance on American Sign Language (ASL) causes changes in visual cognition in part because ASL uses space itself to encode linguistic information. For example, spatial scenes are most often described from the perspective of the person signing, and thus, the viewer must perform a 180°mental rotation to correctly comprehend the description (interestingly, signers comprehend spatial relationships better when mental rotation is required). 24 Tasks requiring spatial localization of information (to the periphery as well as to local grammatical features displayed on the face) induce significant differences between signing and nonsigning individuals. 25, 26 Compared with late sign language learners and nonsigners, it is typical for children and adolescents who are native signers (eg, children of deaf parents) to be the most skilled; early sign language acquisition (SLA), whether one is deaf or hearing, is reflected in above average abilities in face recognition, block design, movement detection, mental rotation, and spatial memory tasks. [27] [28] [29] Relative to healthy subjects, studies regarding visual cognition among deaf adults with serious mental illness are infrequent. One study compared healthy hearing subjects with deaf people with schizophrenia and reported equivalent performance on a measure of facial feature processing. 30 This finding stands in marked contrast to the typically large differences on cognitive tasks found between hearing people with schizophrenia and matched hearing controls. [31] [32] [33] Importantly, it appears as if the visual processing superiorities associated with deafness can be due to either cortical reorganization and/or a lifetime of experience with sign language. There is evidence that similar as well as differing aspects of visual cognition are associated with each influence (for a review, see 34 ). Based on these considerations, in this study, deaf subjects were expected to be more visual context sensitive (ie, more vulnerable to the Ebbinghaus illusion) than hearing subjects, even though all subjects were diagnosed with schizophrenia, and we expected this finding to be strongest among early sign language learners. However, in both groups, we expected that ''disorganized'' subjects would demonstrate the weakest illusion Context Processing, Deafness, and Schizophrenia effects (reduced context sensitivity), given past associations between increased clinical disorganization and reduced visual context sensitivity.
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Methods
Subjects
From among all deaf and hearing consumers at a psychiatric rehabilitation agency in the Midwest (approximately 3000 consumers), 87 people agreed to participate in the study. A diagnosis of schizophrenia or schizoaffective disorder was determined by the first author's administration of the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Axis I Disorders-Patient Edition (SCID). 39 The SCID was translated by the first author and back translated by a native (hearing) signer. The translation's accuracy was evaluated by the congruence between the original document (in written English) and the back-translated version of the measure (ie, the ASL version translated ''back'' to English) (r = .86).
Case record reviews and/or self-reports determined that all deaf subjects were prelinguistically deafened (people who became deaf prior to the acquisition of spoken language) and had severe-to-profound (70-89 dB loss) or profound (>90 dB loss) hearing losses; exact causes were unknown. Because rubella as well as other pre/postnatal insults are associated with cognitive deficits in the deaf (eg, toxoplasmosis, cytomegalovirus, herpes symplex virus, premature birth, postnatal meningitis), subjects with developmental delays or other severe cognitive deficits (eg, a history of head injury) were excluded. The final sample included 65 subjects (34 deaf and 31 hearing) with normal visual acuity in both eyes as determined by a Snellen chart. Sign language was the primary mode of communication for all deaf subjects. Among the 34 deaf subjects, 2 did not participate in the final testing session; cognitive data are missing for these subjects.
Deaf and hearing groups were similar with respect to age, gender, race, diagnosis, housing status, employment status, illness duration, illness severity, and level of functional outcome 40 (eg, social competence) (table 1). Aside from one hearing subject, all participants were taking atypical antipsychotic medications (doses unknown). The mean age of illness onset was 18.74 years for deaf subjects (SD = 8.32) and 21.06 years for hearing subjects (SD = 5.21). The sample represents a psychiatrically stable sample of people with schizophrenia, the majority of whom lived independently and were receiving long-term community-based mental health services. Consent and recruitment procedures were approved by the institutional review boards at the University of Chicago and the agency that hosted the research. Once the study procedures had been fully explained, written informed consent was obtained from each participant.
Measures
Brief Psychiatric Rating Scale. The Brief Psychiatric Rating Scale (BPRS) 41 was administered to all subjects and a confirmatory factor analysis (CFA) established the symptom structure used to characterize the sample. 42 The 5 factors extracted were labeled disorganization, anergia, thought disorder, affect and activity. Symptom factors were not mutually exclusive. Most participants (52%) presented with high scores on 2 or more symptom clusters, and no differences were apparent between deaf and hearing subjects in terms of the number of manifest symptom clusters (table 2) . Of all factors, deaf subjects scored highest on the thought disorder factor (eg, unusual thought content, grandiosity, and suspiciousness) while hearing subjects scored highest on the affect factor (eg, anxiety, suicidality, and depression). Of primary interest in the current study, because of its established relationship to context sensitivity, was the disorganization factor (eg, disorientation, bizarre behavior, conceptual disorganization, and hostility). The remaining factors, anergia (eg, blunted affect, emotional withdrawal, and motor retardation) and activity (eg, tension, excitement, and motor hyperactivity), were not analyzed further once it was determined that they were unrelated to context sensitivity.
Linguistic Ability. Linguistic ability was operationalized by the Sign Communication Proficiency Interview (SCPI). 43 A native (deaf) signer engaged subjects individually in face-to-face structured interviews (1-2 h). The evaluation was videotaped, and skills in the standard components of language (eg, grammar, fluency, and comprehension) were induced by the gold standard evaluator. SCPI ratings ranged from 0 to 100.00, with higher ratings indicating native-like signing ability. Adequate interrater reliability (r = .85) was determined by a second rater (hearing and native signer) who reviewed 14% (n = 5) of the interviews.
Ebbinghaus Illusion Task. A 2-alternative forced-choice paradigm was employed in which subjects must compare 2 separate arrays, each 3 3 3, and decide whether the target (center) stimulus in the left-or right-hand array is larger 4 (figures 1a and 1b). The targets, 2 center circles, always differed in actual size, and this difference varied randomly in magnitude across trials (2.00-18.00 pixels). The illusion is created by target circles that are surrounded by additional circles, all of which are the same size but of a different size than the center circle. When a circle is surrounded by larger circles (125 pixels diameter), it appears smaller than its actual size; in contrast, when a circle is surrounded by smaller circles (50 pixels diameter), it appears larger than its actual size. In general, accuracy in judging whether the left or right inner circle is larger increases (ie, there is less of an illusion effect) as the size difference between the targets increases, regardless of the size of the surrounds. This is similar to other phenomena in perception where, when bottom-up, stimulus-driven cues are strong, topdown effects (such as those involved in contextual modulation of a target) are weaker. 44 Because the illusion impairs discrimination in all size pairs, center size must be unconfounded from surround size to assure that subjects judge center circle sizes rather than simply choosing the panel with large surrounds. Therefore, 2 of the arrays (98.00 and 102.00 pixels) were presented 8 times each with the smaller center circle surrounded by large surrounds and the larger center circle surrounded by smaller surrounds (control condition, 16.00 trials); if subjects were relying on the surrounds, then accuracy would be low in this condition (ie, helpful context). Because all subjects displayed high accuracy on these control items, we can be confident that responses were being driven by the apparent sizes of the center circles and not by their surrounds. 4 Subjects were instructed to ''ignore the surrounds and focus on the center circles only.'' Overall level of context sensitivity was quantified as the total number of correct responses out of 80 trials for the conditions in which context impairs discrimination. Thirty-two items comprised the small target size (STS) condition-wherein the actual size difference between targets was small (2.00-6.00 pixels)-and 48 items comprised a large target size (LTS) condition-wherein the actual size difference between targets was large (10.00-18.00 pixels). Poorer size discrimination indicates a higher degree of context sensitivity and is reflected by lower test scores. The size estimation task was run on a Dell INSPIRON 2650 laptop computer with a 14-inch screen. The order of administration of context and control conditions was randomized across subjects. The resolution of the monitor was 1280_1024 for all measures, with the program window taking up the entire screen.
Results
All subjects (n = 65) were context sensitive. Following Doherty, 45 we examined performance differences between the helpful and misleading context (16 items each, using items with a 2% size difference where the illusion effect was expected to be strongest) as a metric for the extent of the illusion effect for each subject. Additional analyses involving all size pairs are presented below. Subjects were highly accurate when the context was helpful (mean = 0.84 correct, SD = 0.27) and much less accurate when it was misleading (mean = 0.21 correct, SD = 0.26) (t 62 = 9.65, P < .01). When analyzed separately, hearing and deaf subjects were equally assisted by the helpful context: hearing, 0.83 correct, SD = 0.27; deaf, 0.86 correct, SD = 0.27; t 61 = 0.38 (not significant [ns]), but were not equally misled in the test condition. Hearing subjects displayed better size discrimination ability (0.23, SD = 0.28) compared with deaf subjects (0.11, SD = 0.13) when the context was misleading (t 63 = 2.17, P = .03). Because only the context distinguishes the conditions, we can be confident that any effects are due to context alone. 4 These findings indicate that deaf subjects were on average more affected by the illusion relative to hearing subjects and so performed more like healthy controls in past studies (ie, they were consistently deceived).
An overall level of context sensitivity was reflected by the actual size difference needed to overcome the misleading effects of target-surround contrast across 80 trials. Figure 2 presents the proportion of correct responses-as a function of size difference-for both hearing and deaf groups in the test conditions (STS, 32 trials; LTS, 48 trials). Including all size pairs, the mean level of discrimination accuracy in the test condition was 0.60 (SD = 0.15) for hearing subjects and 0.43 (SD = 0.27) for deaf subjects (80 trials: t 61 = 2.87, P < .01). The general pattern of increasing accuracy for both groups indicates that responses to small size contrasts (0.02-0.06) induced a greater number of inaccurate size judgments compared with the large size contrasts (0.10-0.18), consistent with past research. 45 As expected, the illusion's effect diminished in the latter condition, and size discrimination accuracy increased, especially for hearing subjects.
Hearing subjects were able to discriminate above chance (50%) levels of accuracy (ie, were no longer consistently deceived by the illusion) when the size difference was approximately 8%, while deaf subjects did not reach above chance levels of accuracy until approximately a 12% size difference between targets. Larger size contrasts (LTS condition) produced the biggest difference between hearing and deaf subjects (hearing, 0. The interaction between hearing status and size contrast condition was significant in the STS and LTS conditions (STS: F 62 = 4.97, P < .03; LTS: F 64 = 11.05, P < .01) and provided additional evidence for the hypothesis that size perception was, on average, less context sensitive in hearing than deaf patients with schizophrenia. 
Symptoms and Context Sensitivity
Previous work, including our own, has established that cognitive, social cognitive, and symptom indicators among deaf people with schizophrenia are generally similar to those of hearing people with schizophrenia, with a few notable exceptions. 42,46-48 Symptom profiles previously established in the current sample by a CFA of the BPRS (table 2) were compared with context processing variables. Consistent with past literature, the disorganized syndrome was the only significant correlate of a weakened illusion effect. Subjects scoring equal to or above moderate levels on the BPRS item ''conceptual disorganization'' (ie, !4, range 1-7) were analyzed further. Twenty-seven (42%) subjects presented with high levels of conceptual disorganization (deaf = 16, hearing = 11); the remaining subjects (58%) were labeled non-disorganized (deaf = 18, hearing = 20).
The helpful context (control condition, 16 trials.) facilitated size discrimination for non-disorganized (ND) subjects who were significantly more accurate (mean = 0.91 correct, SD = 0.15) than disorganized (D) subjects (mean = 0.73 correct, SD = 0.35) (t 61 = 2.56, P < .01). In the misleading context (test condition, 80 trials), ND subjects were significantly less accurate when judging size differences (ie, more context sensitive) (mean = 0.45 correct, SD = 0.24) than were D subjects (mean = 0.60 correct, SD = 0.21) (t 61 = À2.56, P = .01). The difference between control and test condition scores was significant for ND subjects (0.91 vs 0.45) (t 36 = 9.66, P < .01) and trended toward significance for D subjects (0.73 vs 0.60) (t 25 = 1.50, P = .15).
When analyzed separately, ND deaf subjects were 93% accurate (SD = 0.13) in the control condition and 27% accurate (SD = 0.25) in the test condition (80 trials) revealing a strong illusion effect (t 17 = 8.12, P < .01) (see figure 3 ). The same comparison for ND hearing subjects was also significant, reflecting a slightly smaller raw difference: 89% correct (SD = 0.17) vs 52% correct (SD = 0.12) (t 19 = 2.94, P < .01). The D deaf subjects' level of context sensitivity did not significantly differ from ND hearing subjects; they (D deaf subjects) were 84% accurate (SD = 0.19) in the control condition and 52% correct (SD = 0.23) in the test condition (t 14 = 3.98, P < .01). Of all groups, D hearing subjects were the least accurate in the control condition (72% correct, SD = 0.37) and the most accurate group in the test condition (60% correct, SD = 0.19); thus, they were the least context sensitive. It follows that D hearing subjects were the only subgroup whose scores did not significantly differ across control (16 trials) and test (80 trials) conditions (0.72 vs 0.60, t 10 = 0.554, ns). Figure 3 also depicts group differences by condition (STS and LTS). In the STS condition (32 trials), ND deaf subjects were only 0.11 accurate (SD = 0.15) compared with 0.27 for ND hearing subjects (SD = 0.17, t 37 = À3.05, P < .01), 0.33 for D deaf subjects (SD = 0.21, t 33 = À3.55, P < .01), and 0.40 for D hearing subjects (SD = 0.32, t 28 = À3.79, P < .01). The difference between D deaf and D hearing subjects trended toward significance (0.33 vs 0.40, t 26 = À1.85, P = .08). In the LTS condition, the illusion no longer differentially influenced D and ND hearing subjects; each group was 78% accurate (SD = 0.21). In contrast, D and ND deaf subjects continued to be distinguished by level of visual integration in the LTS condition: 0.69 accurate (SD = 0.27) vs 0.43 accurate (SD = 0.36), respectively (t 30 = 2.35, P < .03) (see figure 3) . The interaction between hearing status and disorganization was significant in the control (F 61 = 3.91, P < .01) and LTS conditions (F 62 = 3.80, P = .05) and was in the expected direction in the STS condition (F 62 = 2.31, P = .13). In all, disorganization was a stronger correlate of context sensitivity when target size differences were small (control and STS condition) while hearing status was on average a stronger correlate of context sensitivity when size differences were large (LTS condition).
Age of Sign Language Acquisition, Linguistic Ability, and Context Processing
For deaf subjects only, associations were evaluated between age of SLA, linguistic ability, and context sensitivity. It was anticipated that early SLA (0-7.00 y) and superior linguistic (sign) ability would be associated with strong illusion effects.
First, an earlier age of SLA and superior linguistic ability (total score) were significantly correlated (r 33 = À0.47, P < .01) (figure 4). Of the linguistic ability subscales (grammar, fluency, vocabulary, and physical production), ''fluency'' was the strongest correlate of early SLA (ie, rhythm, pace, and flow of delivery) (r 33 = À0.50, P < .01). However, fluency was only weakly associated with context sensitivity (STS, LTS, ns) while ''physical production'' (ie, formation and execution, intelligibility, clarity, and nonlinguistic/ affective use of space, face, and body movements) significantly influenced discrimination accuracy ( figure 5 ). Subjects with above average levels of physical production were more accurate in the control condition (0.90, SD = 0.20) and less accurate in the STS condition (0.17, SD = 0.21) (t 16 = 8.12, P < .01) relative to subjects with below average signing skills (0.78, SD = 0.34 vs 0.33, SD = 0.28) (t 13 = 2.70, P < .2). Better linguistic ability (ie, physical production) was not associated with context sensitivity when size contrasts were large. Age of SLA did not significantly predict discrimination accuracy in the control condition; early (0.82 correct) and late (0.87 correct) learners were equally assisted by the helpful context (SD = 0.26, 0.33, respectively, ns). In the STS condition, age of SLA was significantly associated with increased context sensitivity for ''late'' learners only (8.00-20.00 y of age) (see figure 6B) . Overall, however, early (0.27 correct) and late (0.20 correct) learners were equally misled in the STS condition (SD = 0.27, 0.25, respectively) ( figure 6A and 6B) .
In the LTS condition, age of SLA was significantly associated with decreasing levels of context sensitivity (ie, increased accuracy) (figure 7). Significant discrimination differences were evident between early (0.52 correct, SD = 0.33) and late (0.78 correct, SD = 0.17) sign language learners in the LTS condition (t 29 = À3.40, P < .01). The relationship between age of SLA and context sensitivity remained significant when levels of linguistic ability (t 28 = À2.10, P < .04) and disorganization (t 28 = À1.10, P = .05) were controlled. The interaction between age of SLA-which was significantly correlated with higher LTS accuracy (figure 7)-and linguistic ability-which was significantly correlated with higher STS accuracy (figure 5A)-did not predict context sensitivity in any condition. The scatter plots support these findings and make clear that the influence of delayed SLA on decreased visual integration imposed an influence across the life span that was particularly strong after 7 years of age (figures 4, 6, and 7). A case-by-case analysis revealed that deaf subjects who displayed the highest levels of visual context sensitivity (across all conditions) were non-disorganized, early language learners with superior physical production of ASL; they also had shorter illness durations (described below).
Building upon findings regarding symptoms, linguistic ability and disorganization strongly predicted increased and decreased context sensitivity (respectively) to small size contrasts, and deaf-hearing visual integration differences were moderate albeit significant in this condition (deaf > hearing). On the other hand, age of SLA strongly predicted increased context sensitivity in the large size contrast condition (early learners > late learners) and deaf-hearing visual integration differences were highly significant in this condition (deaf > hearing).
Clinical and Demographic Correlates of Context Sensitivity
In addition to symptoms, other clinical and demographic domains were examined in relation to levels of visual integration. Illness severity and duration means and SDs for deaf and hearing subjects were equivalent (table 1) . Supporting findings of Silverstein et al, 38 subjects with dysfunctions in visual integration were characterized by a longer course of illness (figure 8). When analyzed separately, the relationship was significant for deaf but not hearing subjects in all conditions; only disorganization was a stronger correlate. Other clinical and demographic variables were generally uncorrelated to size discrimination for both groups (eg, age, gender, handedness, education, illness severity, and history of substance use).
Discussion
The primary finding is that relative to deaf patients with schizophrenia, hearing patients displayed a significantly Fig. 7 . Scatter plots. Age of sign language acquisition (SLA) and size perception accuracy, large target size condition: early (A) and late (B) SLA. reduced sensitivity to visual context and therefore were more accurate in their size judgments. Hearing patients, therefore, performed like hearing patients in past studies, whereas deaf patients performed more like people without schizophrenia in past studies. Moreover, hearing patients were relatively unaffected by the effects of context even at the smallest size contrasts, whereas deaf patients were influenced by the illusion even when the size contrasts were quite large. Thus, relative to hearing subjects, much larger size contrasts were needed for deaf subjects to overcome the misleading effects of context.
Increased visual integration (deaf > hearing) was most evident in the comparison of non-disorganized deaf and hearing subjects across both test conditions (small and large). This highlights the role of a deafness-related factor (see below) in overriding the schizophrenia-related insensitivity to the illusion, presumably by increasing visual attention to the surrounding visual context. But it also highlights the role of disorganization in driving the schizophrenia-related illusion insensitivity. For example, in contrast to the difference between non-disorganized deaf and hearing subjects, disorganized deaf subjects were on average only slightly more context sensitive than disorganized hearing subjects. It is therefore reasonable to hypothesize that whereas deafness is associated with superior visual context processing abilities, disorganization is associated with weakened visual context processing abilities, and so the former reverses while the latter amplifies visual integration changes associated with schizophrenia.
A significant relationship between early SLA and increased context sensitivity provided evidence that experience with sign language influenced visual context integration. Relative to late sign language learners and hearing nonsigners, early learners displayed a level of sensitivity to context that approached normal levels. Though measurement occurred 20-30 years after first exposure to sign language, delayed SLA exerted a significant influence well past childhood and into young adulthood. The relationship was particularly strong in the LTS condition and remained significant once linguistic ability and disorganization were controlled. The fact that most of the deaf subjects were exposed to less than ideal language models during early childhood (eg, teachers for whom ASL was not a first language) as well as varying levels of socialization with deaf people highlights the potency of the effect because even degraded modeling appeared to influence visual perception.
More definitive conclusions about the effects of visual integration experience and schizophrenia on perception would be gained by demonstrating reduced levels of visual integration among hearing relative to deaf subjects across both schizophrenia patients and psychiatrically healthy groups of subjects. With such a design, changes in visual integration that are schizophrenia related can be disentangled from those caused by deafness. For example, if psychiatrically healthy deaf subjects demonstrated stronger illusion effects (ie, lower accuracy on misleading context trials) than psychiatrically healthy hearing subjects, this would provide strong evidence of a deafness-related superiority in visual context processing and integration, without any potential confounds from examining this in a study of schizophrenia patients. Similarly, if psychiatrically healthy hearing subjects performed like non-disorganized deaf patients with schizophrenia, this would provide further evidence that the latter group's performance in the present study was essentially normal. A study including native signers who are hearing (eg, people born to deaf parents) would further isolate the effect of early SLA on adult levels of visual integration. For example, if native signers who are hearing demonstrated the same enhanced illusion effect as deaf subjects, this would suggest that our findings are due to experience with ASL (as our correlational data suggest) and not to deafness per se. Such findings would also raise the possibility that it is intense experience with tasks involving visual-spatial problem solving, and not use of sign language, that drives the effect. Because our study is limited by not including psychiatrically healthy control groups of the type noted here, its findings can in some sense be considered preliminary. On the other hand, it is important to note that the finding of a disorganization-related superiority on the Ebbinghaus illusion task has been demonstrated in 3 other studies of schizophrenia and schizotypy. 14, 15, 16 Moreover, the hypothesis that deaf schizophrenia patients would perform more normally than hearing schizophrenia patients on the illusion task was an a priori hypothesis (based on our prior work on cognition in deaf schizophrenia patients and on cognitive effects of experience using ASL) that would not be predicted on the basis of a generalized deficit alone. Indeed, we observed the relative pattern that was to be expected based on these prior findings: the highest level of context sensitivity was among deaf non-disorganized subjects followed, in turn, by hearing non-disorganized, deaf disorganized, and hearing disorganized subjects (see figure 3 ). Given that deafness alters processes of language acquisition, and in the context of data indicating that the susceptibility to the Ebbinghaus illusion develops on the basis of visual experience, 17 our data suggest that perceptual organization dysfunction in schizophrenia is plastic and may be amenable to remediation, especially in the form of practice with visual integration and/or top-down effects that can mediate the influence (see below).
It is important to note that unlike early-occurring forms of perceptual organization, such as contour integration, that rely on a feature linking process, 49 the Ebbinghaus illusion is thought to reflect a later, cognitive comparison process. 50 This is consistent with the top-down effects of learning on the extent of the illusion effect. However, it also raises the issue of whether deaf people with schizophrenia would be impaired to the same extent as hearing patients on tests of perceptual organization that are driven by lower level mechanisms. To date, these studies have not been done. However, such research would produce findings that are relevant to clarifying the extent of bottomup vs top-down contributions to perceptual organization in schizophrenia, which is still being debated. 11 Moreover, use of a range of measures in clinical trials would provide important information about the cognitive and biological mechanisms of treatment effects, as revealed by different effects across tasks with known differential bases in bottom-up vs top-down processing. 
